No significant progression or regression in the level of ambulation was found. Perceived competence improved slightly. In the total score of the perceived competence, a borderline significant increase was found (P-value 0.068). We concluded that spinal fusion in children with OI does not materially influence functional ability and level of ambulation. Selfperceived competence seemed to improve after surgery. The amount of pain, fatigue and subjective dyspnea seemed to diminish after spinal surgery. Progression of scoliosis proceeded, as did development of spinal curvature at the junction of the spondylodesis. Therefore, oral or intravenous bisphosphonates before and after spinal surgery should be considered.
duce fracture frequency, increase bone density, promote remodeling of previously crushed and fractured vertebrae, reduce chronic pain and improve mobility in both children and infants [14] .
The incidence of spinal deformities in OI depends on the classification system used, and has been reported to be between 11 and 92% [1] . Patients with the severest types of OI have a higher incidence of scoliosis. Benson et al. stated that scoliosis was rare before the age of 6 years; after this age a rapid progression of scoliotic deformity was observed [2] . The scoliosis usually progresses until severe kyphoscoliosis is present in adulthood [15] .
Severe scoliosis and concomitant chest deformity will interfere with self-care. Mobility and vital functions may also decrease. Therefore, it is important to correct the scoliosis or at least to arrest the progression of scoliosis. Surgery of the spine in OI is difficult due to the bone fragility. Therefore, Benson and Newman recommended spinal fusion at a young age with or without instrumentation [1] . Janus et al. described an overall improved sitting balance and an increased functional ability in 7 of 20 patients after halo gravity traction (HGT) and posterior spondylodesis with instrumentation, and stated that although partial loss of correction seems inevitable, operative stabilization is possible [18] .
Disease-related profiles regarding functional outcome, ambulation and perceived competence in children with OI have been established. However, the effects of spondylodesis on these outcome parameters are poorly documented [10, 12, 13] .
Therefore, the purpose of this study was to evaluate the effects of spondylodesis on spinal curvature, functional outcome, level of ambulation and perceived competence in children with OI.
Materials and methods
From 1993 to 2001, 11 patients with OI underwent a spondylodesis at the Wilhelmina Children's Hospital (University Medical Center Utrecht) ( Table 2) . Seven children underwent a posterior spondylodesis (Luque), one child underwent an anterior spondylodesis and three a posterior spondylodesis with Cotrel-Dubousset instrumentation. All, but one of the patients underwent long fusion from T2 to L5, as is performed in neuromuscular scoliosis. Only one case (type IV), with a modified Bleck score of 9, was treated as an idiopathic curve and only the thoracic spine was fused. Bone grafting was performed by adding homologic bone bank bone.
Spinal radiography was performed on a regular basis (at least once a year). The amount of spinal curvature was measured according to Cobb. Because of the well-known interobserver variation when measuring Cobb angles, two independent observers (N.T. and E.A.C.) measured the Cobb angles on 21 postero-anterior spinal radiographs, after an intense training in measuring of spinal curvatures (J.E.H.P) with two instruments: a 360°goniome-ter and a spinal rotation meter (SRM). The interobserver difference, using the coefficient of repeatability according to Bland and Altman [3] , was found to be less when using the SRM than the 360°goniometer. We found that 95% of the differences between the two measurements were less than 5.6°and 8.8°respectively. The intraobserver difference was equal when using the two measurements: 95% of the differences between the two measurements were less than 5.0°. This is in line with previous studies of the interobserver error and accuracy [19] . Therefore, the amount of spinal curvature in this study was measured with the SRM.
Functional ability
The level of ambulation was scored according to the modified criteria of Bleck [4] . We classified the level of ambulation from 1 to 9 [12]:
1. Non-walker older than 2 years of age 2. Therapy walker with the use of crutches or canes 3. Therapy walker without the use of crutches or canes 4. Household walker with the use of crutches or canes 5. Household walker without the use of crutches or canes 6. Neighborhood walker with the use of crutches or canes 7. Neighborhood walker without the use of crutches or canes 8. Community walker with the use of crutches or canes 9. Community walker without the use of crutches or canes Functional abilities and the amount of parental assistance were scored using the Dutch version of the Pediatric Evaluation of Disability Inventory (PEDI) [16] . The PEDI consists of two major dimensions (functional skills and caregiver assistance) in the content domains of self-care, mobility and social function. The performance of functional tasks and activities is measured by the functional skills scale, which samples a set of behaviors that are believed to be important for daily functioning. The amount of assistance required to accomplish daily tasks is measured by the care- Substitutions of glycyl residues in the triple helical domain of a1 or a2 chain III Progressively deforming bones, usually with moderate deformity at birth, sclerae variable in hue, often lighten with age, dentinogenesis imperfecta common, hearing loss common, stature very short
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Autosomal dominant As for type II giver assistance scales. Reference values are provided for children aged between 0.5 and 7.5 years. Results of children older than 7.5 years are calculated as a scaled score. In healthy children over 7.5 years of age, the normal score is 100%. Custers et al. [7] concluded that the discriminative validity of the Dutch PEDI between children with and without disability is excellent. The functional content and feasibility of the Dutch PEDI for rehabilitation outcome measurement appears to be reliable [8] .
In our study, a significant correlation between the modified Bleck score and PEDI scaled score regarding mobility was found (Pearson correlation coefficient 0.8; P-value 0.002).
Perceived competence
Perceived competence was measured using the Harter Self-Perception Profile for Children (SPPC), which has been cross-culturally validated for Dutch children [9] .
The Harter SPPC contains six subscales for children between 8 and 12 years of age: scholastic competence, social acceptance, athletic performance, physical appearance, behavioral conduct and global self-worth. For children aged between 12 and 16, this instrument is extended with two subscales: romance and friendship.
Data regarding the amount of spinal curvature, level of ambulation, functional abilities, the amount of parental assistance and perceived competence were obtained during regular visits to our hospital before and after surgery. The questionnaires were filled in preoperatively by the children in the presence of the last author, who had previous experience of using these questionnaires in studies on OI children [13] . At follow-up, the same questionnaire was filled in by the children in the presence of the first two authors, who first received extensive training in its use.
We also scored the amount of fatigue, spinal pain and presence of subjective dyspnea at last examination, on a 10-cm visual analog scale on which they had to indicate the current levels of fatigue, spinal pain and dyspnea. A score of 0 indicated no complaints, and a score of 10 indicated very severe complaints.
We also asked the children whether these factors were changed after spinal surgery.
All children and their parents gave consent to participation in this study. Since this study was a part of regular patient care, the Medical Ethical Review Committee found no review was indicated.
Statistical analysis
The acquired data were processed and analyzed with the use of the Statistical Package for the Social Sciences (SPSS). Data were not normally distributed, therefore data were analyzed non-parametrically with the Wilcoxon Rank Test.
Results
Patient characteristics are presented in Table 2 . Mean age at surgical intervention was 13.1 years (SD 2.5 years) and mean time from spondylodesis until latest follow-up was to 3.4 years (SD 2.3 years). Median Cobb angle of the scoliosis at surgical intervention was 55.0°(interquartile range 45.0°-62.0°), and after spondylodesis the spinal curvature decreased to a median of 39.0°(interquartile range 27.0°-45.0°). This indicates a median correction of 20.0°( interquartile range 8.0°-35.0°). At radiographic followup, the median angle was 46.0°(interquartile range 34.0°-53.0°). The median progression per year before spondylodesis was 6.1°(interquartile range 2.9°-12.9°), and after the spondylodesis 5.0°(interquartile range 1.6°-11.0°). There was no significant difference between the progression before and after the spondylodesis (P-value 0.77). Data regarding functional ability and level of ambulation are presented in Table 3 . No significant progression or regression in the level of ambulation, and no regression in functional ability regarding mobility, was found. The score of the PEDI domains 'self-care' and 'caregiver assistance self-care' showed a borderline significant improvement (P-values 0.066 and 0.08 respectively). Perceived competence (Table 4 ) improved slightly. In the total score, a borderline significant increase was found (P-value 0.068). Among the individual scores, only scholastic competence showed a significant increase (P-value 0.017).
Assessments after spinal surgery found no spinal pain (median 0.3, interquartile range 0-2.0), little fatigue (median 0.5, interquartile range 0-2.9) and no subjective dyspnea (median 0, interquartile range 0-0.2). Children reported that before spinal surgery, spinal pain, fatigue and dyspnea were frequently present, with median (interquartile range) values of 7.5 (2.7-9.0), 5.7 (0.5-8.0) and 1.0 (0-5.5), respectively.
After spinal fusion, 3 of the 11 patients developed a new curvature, proximal of the spondylodesis, in the cervical region, necessitating additional surgical intervention. One patient developed a complication after surgery (bacterial infection of the Luque material).
Discussion
The present study demonstrated a non-significant, but clinically important increase in self-care with a decrease in caregiver assistance regarding self-care after spinal surgery. No change in ambulatory status was found, but there was a borderline significant increase in perceived competence. A decrease in spinal pain, fatigue and dyspnea was reported.
This study has intrinsic limitations. Although our hospital is a national referral center for treatment of children with OI (n=200), only a small sample of children with the most severe types of OI received surgical intervention for their scoliosis. Statistical analysis could, therefore, be biased. This may be the reason that in the domains of functional ability and perceived competence, borderline significant increases were found. Although data reported in past literature are descriptive or reported, and not measured objectively with generic instruments, our results are in line with those of previous studies. After spinal surgery, no negative influence on functional ability or ambulatory status was reported [6, 18] . Whether our findings were caused by spinal fusion or by aging cannot be answered. We know from cross-sectional and follow-up studies that children, especially those with the most severe types, reach plateau phases in their functional ability [10, 12] . Remarkably, after spinal surgery, self-care increased borderline significantly, with a decrease in amount of caregiver assistance to normal values. We hypothesize that hand function may be improved after spinal stabilization due to restoration of spinal alignment. We have previously investigated the influence of aging on prognosis for walking, and found that children who reached puberty lose the ability to walk primarily due to gain of body-weight [11] . Therefore, it is surprising that all children who were operated on during puberty did not lose their ambulatory status. It is also remarkable that, although spinal stiffening was performed, children feel themselves as competent as before surgery. Data are comparable with data of OI children who did not receive spinal fusion [13] . Data regarding spinal pain, fatigue and dyspnea should be interpreted with caution, since data were recorded retrospectively, and therefore subjective feelings may be overinterpreted. Therefore, statistical analysis in not indicated.
Widmann et al. found that thoracic scoliosis of more than 60°has severe adverse effects on pulmonary function in adults with osteogenesis imperfecta [22] . Therefore, data regarding fatigue and dyspnea should be carefully assessed in childhood as well, and when indicated measurements of pulmonary function should be made.
The mean progression per year of the spinal curvature after spondylodesis was relatively high compared to presurgical measurements (5.0°, range:1.6°-11.0°vs 6.1°, range: 2.9°-12.9°). This does not imply that the operation is not capable of preventing progression, and longer follow-up is indicated to observe whether stabilization occurs. On the other hand, the basic problem in OI, a qualitative and quantitative collagen defect resulting in bone fragility, is not influenced by spinal surgery. We know that the number of wedge-shaped vertebrae increases, due to vertebral collapse, which influences progression of development of scoliosis [17] . This retrospective study was performed on patients not treated with oral or intravenous bisphosphonates. Since a beneficial effect of bisphosphonates in OI patients is reported in the literature, resulting in an increase in bone mineral density, we have now changed our treatment protocol. Therefore, in our opinion, treatment with oral or intravenous bisphosphonates before and after spinal surgery should be considered.
Conclusion
We concluded that spinal fusion in children with OI does not materially influence functional ability and level of ambulation. Self-perceived competence seem to improve after surgery. The amount of pain, fatigue and subjective dyspnea seem to diminish after spinal surgery. Progression of scoliosis proceeded as well as development of spinal curvature at the junction of the spondylodesis. Therefore oral or intravenous bisphosphonates before and after spinal surgery should be considered.
